Plastic has been widely used at the hospitals and dominates the field of the manufacture of infusion bag sets and packaging materials as a disposable product. Recently, it has been reported, however, that expected drug effects could not be obtained owing mainly to the drug adsorption to the surface of the plastic bags observed when several injection drugs such a nitroglycerin, isosorbide dinitrate, diazepam, and insulin were injected mixedly into a certain plastic intravenous bags.'
And there is a possibility of the occurrence of chemical reactions between the added drugs and the surface of plastic bags. We also can not deny the possibility of the dissolution of softener from the plastic bags.
On the other hand, we have been working on the nature of plasma treatment of polymer surfaces by irradiation of low temperature plasma''3~ and its pharmaceutical application studies .4)
In this study, we obtained the data concerning the effect of plasma treatment on the reduction of adsorption of insulin on the surface of polyethylene-vinylacetate (EVA) bag (Fig. 1) .
The EVA film cut off from infusion bag was soaked in a protein removal solution. The film was washed with water and ethanol, and dried in vacuo. The film was placed in a specially designed ampule. The ampule was filled with argon gas for plasmolysis and sealed.
Then the plasma state was sustained for the prescribed period of time at room temperature by a radio frequency discharge of inductive coupling at 13.6 MHz. The insulin adsorption test was performed as follows.
The plasmairradiated film was soaked in an insulin solution at room temperature.
Quantities of insulin in a solution were determined by the UV absorption spectrum at a wavelength of 280 nm. Figure 2 shows the adsorbed amount of insulin on plasma-irradiated EVA film. About 5% of insulin was adsorbed on the untreated EVA film (Os) under this experimental condition.
It was shown that the adsorbed amount of insulin on EVA film decreased with increasing the duration of plasma irradiation.
There was no adsorption of insulin on the plasma-irradiated EVA film for 3 min to a detectable extent. To gain a fundamental insight on the radical of plasma-irradiated EVA, we carried out the ESR spectral measurement of plasma-irradiated powdered EVA. The observed ESR spectra of plasma-irradiated LDPE are largely different in pattern from those of HDPE.
We have already clarified the structure of radial of LDPE and HDPE 2g 2k, 21) These sp ectral features are ascribed to the difference in polymer morphology between LDPE and HDPE; branched structure with a large amount of amorphous region for LDPE and linear structure with a large amount of crystalline region for HDPE. Thus, LDPE would undergo the radical formation preferentially on the surfacebranched structural moiety followed by facile cross-link reactions resulting in the formation of dangling bond sites (DBS). The observed ESR spectra of EVA are similar in pattern to those of LDPE. EVA contains an acetoxy group, CH3C00-, which is easily decomposed by the plasmairradiation.
Thus, the elimination of acetoxy group by plasma irradiation to EVA produces the mid-chain alkyl radical, which Fig, 3 Progressive ESR spectral changes LDPE and HDPE.
of plasma-irradiated EVA together with is also formed by plasma irradiation to PE.
Since EVA is an amorphous polymer, the cross-link reaction would readily occur as in the case of LDPE, resulting the observation of EVA spectra similar to those of LDPE.
The hydrophilicity of the surface of plasma-irradiated EVA film was studied by the measurement of contact angle. The contact angle of untreated EVA film was 70 degree, and that of plasma-irradiated EVA film was 60 degree.
This result is ascribed to the following reason; on the exposure of plasma-irradiated EVA film to air the radicals produced react with oxygen, so that the hydroxyl group is introduced on the surface.
It seems that there is a discrepancy between the increase of hydrophylicity on the surface of EVA film and the reduction of insulin adsorption, since insulin is a hydrophilic protein.
This discrepancy can be rationalized in terms of the fact that acetoxyl groups on the surface of EVA was eliminated by plasma irradiation, and the ensuing cross-link reactions occurred. Thus, the reduction of insulin adsorption on EVA film correlates to the decrease of the amount of acetoxyl group (Fig. 4) . Asakawa et al. also suggest that acetoxyl group is important for insulin adsorption on the surface of EVA.5~
From the present study on the effect of plasma-irradiation on reduction of the drug adsorption onto the surface of plastic infusion bag, it can be concluded that the plasma treatment of EVA is effective on the reduction of insulin adsorption. The plasma treatment can make the surface modification possible without a significant change of polymer morphology, so that this method seems applicable for enhancing the surface functionalization in a wide variety of polymers for medical use. 
